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contraction by volume which the solid steel has to undergo
is about 5 per cent. This contraction cannot be avoided,
and must be accommodated somewhere. It cannot be
taken up by the formation of further pipe, because pipe
is a function of fluid contraction, not solid. Neither can
it be accommodated by the shrinkage inwards of the
outer skin. Such shrinkage will occur, but only to a
limited extent, because the outside of the ingot is a great
deal cooler than the interior. This means that it will
contract less during the final cooling than the interior,
and also it means that, being cooler, it is stronger and,
therefore, less likely to yield abnormally under contrac-
tion stresses. The majority of the contraction, therefore,
must take place and be accommodated inside the ingot.
Also, since the various parts of the ingot, and even the
single crystals, are separate entities (to all intents and
purposes), each crystal will contract or tend to contract
as a unit, and, therefore, to pull itself away from the
surrounding units. This means that within the ingot
the solid contraction exercises a powerfully disruptive
tendency which will show itself most markedly in the
weakest zones of the ingot, i.e., in the zones where there
is the least cohesion between the crystals or the units.
The position of these weakest zones has already been indi-
cated, being respectively between the individual columnar
crystals, between the sets of columnar crystals, between
the columnar and the free crystals, and in the cones high
in impurities in the free crystals. The tendency, therefore,
of the contraction forces, is to pull the crystals away from
each other at all these places, and to produce definite
contraction cavities. These cavities will be referred to
again, later.

It has now been shown how a steel ingot is formed,
and how it solidifies into different portions and develops
varieties of crystallisation in the different parts. As the
engineer does not usually employ ingots as raw material,
it is desirable to .follow out the influences of the various
crystalline formations upon the rolled or forged products